Dipalmitoylphosphatidylcholine (DPC) is quantified by taking advantage of stable-isotope-labeled d9-DPC as internal standard. Use of a mass spectrometer to measure the ratio of dg/ do makes this procedure a quantitative one. d9-DPC was synthesized by refluxirig dipalmitoylethanolamine with d3-methyl iodide in methanol in the presence of sodium bicarbonate for 26 h. The yield of da-phosphatidylcholine (d9-lecithin) was 89% after column-chromatographic purification. Fast atom bombardment was used to desorb the preformed phosphatidylcholine ions in a mass spectrometer of NierJohnson geometry. In our assessment of accuracy and precision of this technique, we found a correlation coefficient of 0.9994 between signal and sample concentration. The method was less precise when the total d0-plus d9-DPC was <0.2 jg or when the ratio of do-to d9-lecithin exceeded 100. The within-run CV was about 1.0%. The amount of DPC in amniotic fluid samples assessed by mass spectrometry was compared with results for total phosphatidylcholine quantified by thin-layer chromatography. The fate of DPC in various laboratory manipulations was also studied.
respiratory distress syndrome potential reference method
The test most widely accepted and considered most reliable for prediction of fetal lung maturation so far has been the determination of the lecithinlsphingomyelin (uS) ratio developed by Gluck et al. (1) . Most reports express satisfactory clinical reliability of the L/S ratio method. However, the abundance of proposed modifications to the original method indicates the concern over aspects of the method as an analytical technique and, more importantly, about its clinical significance.
Discussion of uS ratio measurements
in the past few years has addressed two major problems. One is the high incidence of false negatives, which predict immaturity even though neonatal respiratory function is actually normal. The other is that, in complicated pregnancies such as those from poorly controlled diabetic mothers, the rate at which the LIS ratio changes may be so accelerated that it no longer reflects pulmonary maturity. and TLC, thin-layer chromatography.
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In certain cases, the amount of sphingomyelin was so small that it was almost impossible to evaluate the L'S ratio. Yet, in other cases, sphingomyelin concentrations in amniotic fluid increased, thus contributing to falsely negative determinations.
Many workers, therefore, have tried quantifying only lecithin (phosphatidylcholine; PC), rather than the 115 ratio, to evaluate fetal lung maturity. Disaturated PC is the main biochemical constituent of pulmonary surfactant, particularly dipalmitoyllecithin (2,3). To prepare standard mixtures, make up various proportions of 1.00 g/L solutions of do-DPC and ds-DPC in chloroform. We used the following proportions: 
Quantification
of DPC by gas chromatography (12). We hydrolyzed and methanolized a 2-mL chloroform extract according to the referenced procedure. Methyl myristate was added as internal standard. We extracted the mixture with pentane, which was separated, concentrated to a volume of 100 L (under N2, room temperature), and quantified by gas chromatography on a 91-cm column of 3%
OV-1, Chromosorb W ND 100/120 or 1% SE 30, Chromosorb W 100/120. The injection temperature was 140 #{176}C. The instrument was programmed at 15 #{176}C/min to 210 #{176}C after an initial 2 mm.
Results and Discussion
To study the feasibility of quantifying DPC by fast-atombombardment mass spectrometry, we analyzed seven mixtures of labeled (d9-DPC) and unlabeled (d0-DPC) material.
The relative abundances of d0-DPC and d9-DPC were determined by measuring the relative intensities of the molecular ion peaks at m/z 735 and 744, respectively. In a separate study, we found that the best accuracy is obtained when sample and internal standard are present in roughly equal amounts. Ratios much beyond 100:1 could not be reliably determined because of low-level noise in the fast-atom-bombardment spectrum.
The advantages of working with roughly equivalent amounts when measuring isotope ratios have been reported for other kinds of mass-spectrometric ionization techniques (13).
If the deuteriuni-labeled analog is to be optimally used as an internal standard, it must be added to the amniotic-fluid sample and equilibrated with unlabeled DPC before any other chemical manipulations are begun. Table 1 summarizes a study designed to determine the time required for equilibrium to be established. Clearly, the ratio of d0-DPC to d9-DPC does not change appreciably after 15 mm. The total amount of PC was monitored separately and did not decrease throughout the experiment, indicating that PC in amniotic fluid is reasonably stable during the time required for equilibration of the internal standard. In one study with a sample of amniotic fluid that contained a relatively large quantity of PC, a relatively large amount of d9-DPC was added and equilibrium was never achieved. This presumably reflected the limited solubility of PC (and DPC) in the fluid. 15) have expressed concern about the influence of centrifugation conditions on the [IS ratio, but the evidence is conflicting. We found significant variations ascribable to centrifugal forces. Accordingly, we evaluated DPC concentration as a function of centrifugal force applied. The concentration of PC was monitored by TLC, and DPC was analyzed by adding d9-DPC after each 15-mm centrifugation and measuring the isotope ratio. Table 2 shows the results. More than 50% of both PC and DPC was lost near 1000 x g, and greater loss accompanied increased g force. Thus it is advisable that analyses for DPC in amniotic fluid should be independent of centrifugal force. An internal standard, added before centrifugation, corrects for such losses. If the standard is designed correctly, once it is equilibrated with endogenous material, both will be lost in a constant proportion. Similarly, this kind of internal standard automatically corrects for incomplete extraction into chloroform, adsorption onto glass walls, and the like.
In one experiment, mass spectrometry was used to measure the concentration of DPC in amniotic fluid before and after centrifugation. In all studies where DPC was assayed by fast-atom bombardment and PC by TLC, the latter measurement was much higher. This is because PC is composed of many diacyl species in addition to the dipalmitoyl one. In some samples the chloroform extract from amniotic fluid was hydrolyzed and the methyl esters of the individual fatty acids were examined by gas-liquid chromatography.
Methyl palmitate was found to be higher, adjusted for molarity, than the DPC measured directly. This reflects the occurrence of palmitic acid in sphingomyelin and other lipids, as well as in PC species other than the dipalmitoyl one, an example being palmitoyl, oleoylphosphatidylcholine (mlz 761 in Figure 2 ). In a third approach to independent assessment of DPC, we treated chloroform extracts from amniotic fluid with osmium tetroxide, to remove those PC species containing double bonds. Saturated PC can then be assessed by TLC, and TLC can also be used to separate saturated PC from other lipids surviving the oxidation. Saturated PC was separated by TLC and hydrolyzed and esterified to prepare methyl palmitate for gas-chromatographic analysis. analysis. The quality of the spectrum shown in Figure 2 was quite reproducible throughout many samples, reflecting DPC and d9-DPC as major components, although the values in Table 3 
